We use an economic learning model to examine how knowledge parameters characterizing a sourcing relationship between a vendor and a client interact with production costs and coordination costs to affect the business value of alternative outsourcing strategies. This information is then used to determine a firm's optimal rate of information technology (IT) outsourcing. We find that the optimal outsourcing rate is dependent on the ability of the outsourcing client to acquire production knowledge from its outsourcing vendor and to retain its internal coordination knowledge despite losses of fundamental production skills due to outsourcing. Specifically, when the client is unable to acquire sufficient production knowledge from the external vendor, the client's optimal outsourcing decision is to engage in either one of two extreme 148 CHA, PINGRY, AND THATCHER strategies-total insourcing or total outsourcing-depending on the rate at which the client's coordination knowledge depreciates. On the other hand, when the client is able to acquire a substantial amount of production knowledge from the external vendor, the firm's optimal decision is to outsource only a portion of its IT services, where the proportion depends on the rate at which the client's coordination knowledge depreciates.
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KEY WORDS AND PHRASES: coordination, economic analysis, IT outsourcing, knowledge, modeling, organizational learning, outsourcing, production costs, vendor-client relationship. (IT) needs, an increasing number of firms have decided to outsource some or all of their IT functions and services-such as software development, production, and maintenance-to highly skilled external vendors with scale economies. In today's competitive business environment, IT managers must identify the factors and circumstances that determine the optimal rate of IT outsourcing for their firms. This paper focuses on the critical role that the accumulation and loss of knowledge plays in determining a firm's optimal rate of IT outsourcing. Specifically, we extend the mathematical learning model of Cha et al. [9] to develop normative statements about how much of its IT function a firm should outsource. Using these normative findings, we are able to explain findings from two mini-cases and an empirical study that focus on IT outsourcing relationships in the financial services industry.
TO MEET GROWING INFORMATION TECHNOLOGY
The academic literature has produced many studies that have examined various factors that drive a firm's IT outsourcing decision. These factors include lower production costs of outsourcing vendors due to their superior production economies and technical expertise [3, 32, 40] ; a firm's need to focus on its core competencies [21, 24, 31 ]; societal and industry-level characteristics [2, 23] ; firm-level characteristics such as financial characteristics [3, 32, 40, 42] , firm demographics [3, 39, 41] , and strategic focus [22, 39] ; and IT-level characteristics [2, 6, 34, 42] . For an extensive survey and analysis of the many theories used to explain various outsourcing decisions and arrangements, see Dibbern et al. [16] .
More related to this paper is work that has examined a firm's outsourcing decisions based on transaction cost theory [33] . According to transaction cost theory, a firm incurs two types of costs to provide any product or service-production costs and coordination costs. Production costs are the costs incurred to make the product or provide the service and includes the cost of labor, material, and capital. Coordination costs are the costs incurred to monitor, control, and manage the work. For example, in order to develop and implement a software application, a firm must perform a sequence of related knowledge-based processes. This requires that a firm engage in lower-level production processes such as research, analysis, design, coding, testing, and maintenance of the specific software application. It also requires that a firm engage in higher-level coordination or managerial processes such as developing IT strategy and development priorities and integrating new applications with existing internal resources to solve business problems [43] . Production and coordination processes generate specific costs. A firm determines its optimal degree of outsourcing based on the trade-off between the lower production costs and higher coordination costs associated with outsourcing [37, 38] .
In addition, production processes and coordination processes each require specific knowledge. Both of these stocks of knowledge can be enhanced through learning by doing (usually assumed to be a function of the level of production), and both are subject to knowledge depreciation from technology obsolescence, poor general and knowledge management strategies, and employee turnover. Further, the ability of project managers to effectively manage the higher-level coordination processes and integrative activities depends critically on the firm's experience with performing the lower-level production processes.
Given that learning by doing is a function of the level of production, a firm that outsources its development activities may lose much of its experiential production knowledge over time. This erosion of production knowledge will in turn increase the firm's internal marginal production costs (related to IT activities that remain in-house) and diminish the ability of managers to effectively coordinate and integrate the outsourced IT activities with the firm's existing internal activities [43] . It is particularly difficult to coordinate these outsourced activities given how pervasive IT is throughout the firm and how interrelated IT is with most firm processes and activities [44] . Firms must accumulate and retain experiential production knowledge about outsourced IT functions in order to effectively coordinate and integrate them with the firm's existing processes. Failure to do so may reduce, or even completely eliminate, the initial production cost savings often associated with IT outsourcing [1, 9] .
On the other hand, an outsourcing client may be able to capture a portion of its vendor's production knowledge for its own internal use. Often, vendors are in a position, due to their higher levels of production, to accumulate large repositories of learning-by-doing production knowledge. A client may be able to acquire a portion of the vendor's relevant and useful production knowledge through several mechanisms. For example, -tion of its production knowledge to the client through a mentoring program that makes vendor employees accountable for transferring to client employees the IT skills and knowledge necessary to maintain IT competencies and achieve their internal production goals for those IT projects that remain in-house.
tems and group decision support systems that improve the communication and collaboration between client and vendor, thus improving the client's ability to acquire production knowledge from the vendor.
set of the client's employees on the outsourced projects. These embedded employees would not only provide domain expertise to the vendor but also, and perhaps more important, allow the client to acquire, from the vendor, production knowledge that may be used to improve the client's production processes that remain in-house.
Thus, while higher outsourcing rates reduce the client's learning-by-doing experience [1, 12, 14, 15, 18, 29, 30, 43] , they may also increase the opportunity for the client to acquire new and useful production knowledge from its highly skilled vendors with scale economies [13] . As a firm increases its outsourcing rate, there is a trade-off between the benefits associated with gaining production knowledge through knowledge transfers from the vendor and the costs associated with losing internal learning-bydoing experiences. The resulting impact of outsourcing on the client's own repository of production knowledge, and therefore total production cost, is ambiguous. However, higher outsourcing rates, and the associated loss of experiential knowledge, tend to hinder the client's ability to coordinate and integrate the IT activities with its existing business processes. This represents a reduction in the client's repository of coordination knowledge and, therefore, an increase in its coordination costs. Given these various knowledge flows and their links to production and coordination costs, the impact of outsourcing on total cost is ambiguous.
There are many empirical studies that illustrate the significant effects of a firm's knowledge of, and experience with, IT on firm costs [11, 17, 26, 27, 36] . Some of the knowledge flows in outsourcing have been discussed in prior work [1, 12, 13, 14, 15, 18, 29, 30, 43] . However, the analysis presented in this paper builds specifically on a learning-based outsourcing model developed by Cha et al. [9] . Cha et al. incorporated transaction cost theory into an economic learning model and then used this model to determine the business value of a single, selective outsourcing strategy where the client outsources half of its IT functions. They then examined the dynamic relationship between firm knowledge and costs over the life of the IT project under this strategy and determined the conditions (e.g., project length and knowledge assumptions) under which a firm would prefer to outsource and backsource its IT functions.
In contrast, we extend the learning-based outsourcing model and expand the analysis to determine the business value of a full range of outsourcing strategies in different knowledge environments. This allows us to make normative statements about how much of its IT function a firm should outsource in different circumstances. In order to gain this new perspective, we relax two of the critical assumptions of Cha et al.'s model. First, we treat the outsourcing rate as an endogenous variable as opposed to an exogenous variable. This relaxation allows us to examine a firm's outsourcing rate as a strategic decision and to examine the knowledge environments in which different outsourcing strategies, including total insourcing, total outsourcing, and all selective outsourcing strategies in between, may minimize a firm's total costs. Second, we model the knowledge transfer rate (i.e., that rate at which the client acquires production knowledge from the vendor) as an increasing function of the outsourcing rate. That is, we acknowledge that the rate at which a client acquires knowledge through vendor transfers may depend on the extent of the outsourcing relationship. These extensions allow us to derive new managerial insights into outsourcing decisions made by firms in a range of industries, including banking and insurance.
The analysis of the model is accomplished by creating four scenarios, each representing a different combination of two critical knowledge parameters. The production knowledge transfer rate represents the ability of the client to capture production knowledge from the vendor. The coordination knowledge depreciation rate represents the ability of the client to retain coordination knowledge as it outsources its IT activities. This parameter captures the impact of the loss of client learning-by-doing knowledge on client coordination knowledge.
The critical findings are summarized in Figure 1 . We find that when the rate at which the vendor transfers production knowledge to the client is relatively low, the client's optimal outsourcing decision is to engage in either one of two extreme strategies-total insourcing or total outsourcing. The optimal choice depends on the rate at which the client's coordination knowledge depreciates. Specifically, if the depreciation rate of the client's coordination knowledge is low, then the client will minimize costs through a total outsourcing strategy; otherwise, if the depreciation rate of the client's coordination knowledge is relatively high, then the client will minimize costs through a total insourcing strategy (i.e., keeping all of its IT activities in-house).
On the other hand, we find that when the rate at which the vendor transfers production knowledge to the client is relatively high, the firm's optimal decision is to implement a selective outsourcing strategy in which the firm outsources only a portion of its IT services. In this case, the optimal rate of IT outsourcing also depends on the rate at which the client's coordination knowledge depreciates; that is, the lower the depreciation rate, the higher is the optimal rate of IT outsourcing. Later in the paper, these results are interpreted in the contexts of two mini-cases and a recent empirical study that focus on IT outsourcing relationships. In these contexts, we discuss how firms may be able to invest in various knowledge management strategies and technologies and other organizational capabilities to influence the knowledge environment and create the conditions for successful outsourcing. The Learning-Based Outsourcing Model WE ASSUME THAT THE CLIENT FIRM PRODUCES a total quantity q of IT services and that the firm may decide to outsource any proportion (0 1) 1 of its IT services to an outside vendor, which has lower production costs than the client firm. The outsourcing rate is determined at the beginning of the contract and is fixed over the life of the contract. The vendor accepts this contract without negotiation (similar to a leaderfollower relationship). The contract is a time-and-materials contract where the vendor's production costs are passed directly to the client firm.
We assume that (1) firm costs vary inversely with the firm's knowledge level and (2) the marginal change in a firm's knowledge level is a function of its quantity of output, rate of knowledge transfer, and rate of knowledge depreciation. The derivations of the specific production and coordination knowledge/cost relationships are presented in Appendix A. The critical model parameters and relationships are summarized below and in Table 1 . For the cases discussed later, the numeric values of the exogenous parameters are set to reflect a situation where the vendor has lower unit production costs and a larger scale than the client firm for the outsourced activity.
In our analysis, we want to determine the total cost to the client firm of outsourcing strategies, ranging from total insourcing to total outsourcing, in different knowledge environments, and identify the optimal degree of IT outsourcing in each environment. The total cost incurred by the client firm is the sum of all production costs and coordination costs. The vendor's production costs are a function of its repository of production knowledge. The vendor accumulates experiential production knowledge by producing a quantity of q + D IT services for all of its clients. The more IT services the vendor produces for its clients, the larger is its repository of production knowledge and the lower are its production costs. However, the vendor also loses some of its repository of production knowledge over time through depreciation at a rate of PR . The client maintains two repositories of knowledge: a repository of production knowledge that supports its production of the IT services that remain in-house and a repository of coordination knowledge that supports the integration of the outsourced activities with the firm's internal resources, which allows the firm to solve business problems and implement firm strategies. Like the vendor, the client loses some of its repository of production knowledge over time through depreciation at a rate of PR . However, the client accumulates new experiential production knowledge by producing the quantity of (1 -)q IT services that remains in-house. In addition, the client may use different mechanisms to accumulate new and useful production knowledge at a rate of from the vendor, where the amount of knowledge acquired from the vendor is ( q + D). We assume that the proportion of production knowledge transferred from the vendor to the client firm increases with the outsourcing rate -or the extent of the outsourcing relationship-such that = _ , (0 _ 1), where _ is the upper boundary of the knowledge transfer rate when the firm outsources all of its services. So, as the client increases its outsourcing rate, there is a trade-off between benefits associated with acquiring production knowledge from the vendor and costs associated with losing experiential production knowledge. This is the quantity of IT services that the firm must produce either through internal production or quantity through an external vendor. We assume that a firm producing more output will accumulate more production knowledge via learning-by-doing activities.
Client firm's outsourcing
This is the proportion (0 1) of the production of the client's q units of IT services that the client rate outsources to an external vendor, where (1 -) is the proportion of client's q units that remain in-house for production.
PR
Production knowledge This is the rate at which the production knowledge of both firms depreciates over time. Some depreciation rate knowledge is lost over time because of technology obsolescence, imperfect knowledge management practices, employee turnover, and other factors.
Production knowledge This is the rate at which the client firm accumulates production knowledge through knowledge transfer rate transfers from the external vendor. We assume that the proportion of the vendor's production knowledge acquired by the client increases with the outsourcing rate such that =
CO Client firm's coordination This is the rate at which the coordination knowledge of the client firm depreciates over time. If a knowledge depreciation firm outsources its production activities, it may lose much of its experiential knowledge over time, rate which will hinder the abilities of project managers to effectively coordinate and integrate these activities. Therefore, we assume that the depreciation rate of coordination knowledge increases with the outsourcing rate such that
.
D
Vendor's external This is the quantity of IT services that the vendor produces to meet the demand of its other clients.
demand quantity We assume that a vendor producing more output for its clients will accumulate more production knowledge via learning-by-doing activities. This quantity D may be viewed as the vendor's degree of specialty or size of production economies.
The client firm must coordinate and integrate the IT functions produced both inhouse and by the vendor. The ability of project managers to effectively integrate the outsourced activities with the firm's internal business processes depends critically on a firm's domain experience accumulated through learning-by-doing activities. If a firm outsources its production activities, it may lose much of this experiential knowledge over time, which will hinder the abilities of project managers to effectively coordinate these activities. Therefore, we assume that the depreciation rate of coordination knowledge increases with the outsourcing rate such that
, where _ CO is the depreciation rate of coordination knowledge under a total insourcing strategy ( = 0) and _ CO is the depreciation rate of coordination knowledge under a total outsourcing strategy ( = 1). Of course, the more the client firm outsources, the greater is the decline in its repository of coordination knowledge and the higher is its coordination cost.
The firm's objective is to minimize total costs, the sum of production and coordination costs. Given the model, the closed-form solution to this cost-minimization problem is elusive. Therefore, we examine the implications of our model by analyzing four different cases, each representing a different combination of two critical knowledge parameters: (1) the upper bound ( _ ) of the transfer rate of production knowledge from the vendor to the client, which determines the behavior of production costs, and (2) the upper bound ( _ CO ) of the depreciation rate of the client's coordination knowledge, which determines the behavior of coordination costs. We examine the impact of each case on the production and coordination costs incurred under the full range of outsourcing strategies. We then aggregate this information to determine the firm's optimal (or total cost minimizing) rate of IT outsourcing. Before presenting the cases, we examine the general behavior of the production and coordination costs as a function of the outsourcing rate. Table 2 . The unit cost of vendor production C OS is decreasing in because the outsourcing vendor can produce more outputs ( q + D) as increases. This enables the vendor to accumulate more knowledge and, thereby, reduce its production costs. The client firm's unit cost of in-house production C IH is either increasing or decreasing in , depending on the upper bound ( _ ) of the knowledge transfer rate. In Figure 2 , the first two in-house production curves ( _ = 5 percent and 15 percent) illustrate cases in which the costs associated with losses of learning-by-doing knowledge outweigh the benefits associated with gains in knowledge transfer from the external vendor. In contrast, the last two in-house production curves ( _ = 25 percent and 35 percent) illustrate cases in which the benefits associated with gains in knowledge transfer outweigh the costs associated with losses in internal, experiential learning. Figure 3 maps the total unit production costs as a function of the outsourcing rate. The total unit production costs are the weighted sum of the vendor production costs and the in-house production costs,
Effect of Outsourcing Rate on Production Costs
. Figure 3 illustrates that [8] , shipbuilding [5, 28] , of coordination automotive assembly [19] , and knowledge pizza franchises [12] . These studies depreciation rate report depreciation rates ranging from 4 percent to 40 percent per period. Given our focus on service firms in examples discussed later and the high reliance on IT in service firms, we assume a depreciation rate at the lower end of the spectrum.
total unit production costs C PR are always decreasing in . Although production costs are always decreasing in , they decrease at an increasing or decreasing rate depending on the knowledge transfer rate as illustrated by the shape of each production cost curve in Figure 3 . Specifically, if the knowledge transfer rate is relatively low (i.e., _ < 16 percent in this illustration), then the marginal decrease in production costs grows as the outsourcing rate increases. Alternatively, if the knowledge transfer rate is relatively high (i.e., _ 16 percent in this illustration), then the marginal decrease in production costs shrinks as the outsourcing rate increases.
Effect of Outsourcing Rate on Coordination Costs
The behavior of coordination costs as the outsourcing rate varies is determined by the upper bound ( Table 2 . Interestingly, each case has a different implication for the business value of alternative outsourcing strategies and for the firm's optimal degree of outsourcing.
Case I: Low Knowledge Transfer with High Knowledge Depreciation
In Case I, we assume a relatively low upper bound on the knowledge transfer rate and a high upper bound on the client's knowledge depreciation rate. Figure 5 illustrates the behavior of production costs, coordination costs, and total costs of outsourcing as a function of the outsourcing rate for Case I assuming _ = 5 percent and _ CO = 20 percent. The arrow line shows the optimal outsourcing rate for this case. Case I is a somewhat bleak scenario for the firm when outsourcing because it is able to capture only a relatively small portion of the vendor's production knowledge while its coordination knowledge depreciates rapidly over time, seriously hindering its ability to efficiently integrate the outsourced IT activities with the firm's internal resources. For Case I, the production cost curve is declining with the outsourcing rate because more IT services are produced with the vendor's lower production costs. Interestingly, given the low upper bound on the knowledge transfer rate assumed in this case, the total production cost curve is concave. That is, the marginal decrease in total production costs (or the marginal production cost benefit to the client firm) grows with the outsourcing rate. In contrast, the coordination cost curve is increasing with the outsourcing rate. In fact, given the high upper bound on the depreciation rate assumed in this case, coordination costs increase rapidly with the outsourcing rate.
The total cost curve in Case I (see Figure 5 ) is the sum of the production cost curve and the coordination cost curve. The assumption of a low transfer rate in this case generates a total cost curve with a concave shape. This implies that the client's optimal outsourcing decision will be to engage in either one of two extreme strategies-total insourcing or total outsourcing-depending on the realization of the depreciation rate. Given the high depreciation rate assumed in this case, it is more costly for the client firm to implement total outsourcing than to keep all of its IT activities in-house (i.e., total insourcing). Under these circumstances, the increase in coordination costs associated with total outsourcing outweighs the production cost advantages realized from the vendor's production economies and knowledge transfers. So the cost-minimizing decision in Case I is to keep all IT activities in-house despite the vendors' lower production costs.
Although Figure 5 illustrates the results for Case I assuming _ CO = 20 percent, the results hold for a wide range of _ CO (i.e., _ CO 18 percent). See Appendix B for details on the boundary conditions. In Case II, we continue to assume a low upper bound on the knowledge transfer rate (i.e., _ = 5 percent). This generates the same production cost curve as presented in Case I. However, we now assume a lower upper bound on the client's knowledge depreciation rate (i.e., _ CO = 15 percent). This assumption generates a coordination cost curve that is less steep than in Case I. That is, coordination costs still increase with the outsourcing rate, but at a more gradual rate. Figure 6 illustrates the results for Case II.
In this case, the total cost curve is still concave (given the same production cost curve). However, given the lower upper bound on the depreciation rate of coordination knowledge assumed in this case, the total cost associated with total outsourcing is now lower than the total cost associated with keeping all IT activities in-house. Because the client firm is better able (compared to Case I) to retain the coordination knowledge needed to integrate and manage the outsourced activities within the firm, the cost-minimizing decision in Case II is to outsource all of its IT activities to take advantage of the vendors' lower production costs. Although Figure 6 illustrates the results for Case II assuming _ CO = 15 percent, the results hold for a wide range of _ CO (i.e., _ CO < 18 percent). See Appendix B for details on the boundary conditions. Cases I and II illustrate that when the knowledge transfer rate is sufficiently low, the client's optimal outsourcing decision is to engage in either one of two extreme Figure 6 . Optimal Outsourcing Strategy: Case II strategies-total insourcing or total outsourcing-depending on the rate at which the client's coordination knowledge depreciates. In contrast, as we will see below, we find that when the knowledge transfer rate is high, the firm's optimal decision is to engage in a selective outsourcing strategy.
Case III: High Knowledge Transfer with Low Knowledge Depreciation
In Case III, we continue to assume a low knowledge depreciation rate ( _ CO = 15 percent). This leads to the same coordination cost curve as presented in Case II. However, we now assume a high upper bound on the knowledge transfer rate (i.e., _ = 25 percent or 35 percent). Figure 7 illustrates the results for Case III. In this case, the high knowledge transfer rate transforms the shape of the total cost curve from a concave shape (as in Cases I and II) to a convex shape (or U-shape) as shown in Figure 7 . Given the shape of the total cost curve, the firm will now choose a selective outsourcing strategy (i.e., an outsourcing rate somewhere between total insourcing and total outsourcing) to minimize total costs. The critical insight is that a high transfer rate allows the outsourcing firm to use a selective outsourcing strategy to gain substantial production cost advantages and knowledge transfers from the vendor without sacrificing all of its own in-house learning-by-doing experiences (as in Case II). Maintaining some in-house production slows the decline in the client's coordination knowledge and, therefore, helps the client to better coordinate the IT activities. The results hold in this case for a wide range of _ (i.e., _ 16 percent). See Appendix B for details on the boundary conditions. This case illustrates another interesting result. With an increase in the upper bound on the knowledge transfer rate-for example, from 25 percent (see the solid line in Figure 7 ) to 35 percent (see the dotted line in Figure 7 )-the firm's cost-minimizing decision will be to decrease it outsourcing rate (from 74 percent to 62 percent in this illustration) given the change in the total cost curve. This result has interesting implications for the vendor. That is, the vendor may want to encourage the client firm to outsource as many IT activities as possible. Our findings suggest that one way the vendor may encourage the client firm to increase its outsourcing rate is by decreasing the rate ( _ ) at which it transfers production knowledge back to the client. In the extreme case, the vendor could decrease the transfer rate enough (i.e., _ < 16 percent in this illustration) so that the total cost curve would transform into a concave shape similar to that shown in Case II, leading the client firm to outsource all of its IT activities.
Of course, such a manipulation of the knowledge transfer rate by the vendor is at odds with the interests of the client firm because such a manipulation increases the client firm's total costs (see the comparison of total costs under the two transfer rates in Figure 7 ). That is, the client firm realizes lower total costs when it optimizes its outsourcing rate under a higher knowledge transfer rate. This conflict, in which the client has incentive to improve the transfer rate and the vendor has incentive to depress the transfer rate, leads to an interesting bargaining problem.
Case IV: High Knowledge Transfer with High Knowledge Depreciation
In Case IV, we assume a high upper bound on the knowledge transfer rate (i.e., = 25 percent or 35 percent) and a high upper bound on the knowledge depreciation rate ( _ CO = 20 percent). Figure 8 illustrates the results for Case IV. As in Case III, the high knowledge transfer rate generates a total cost curve with a U-shape, again leading the firm to choose a selective outsourcing strategy to minimize its total costs. However, in this case, the client firm will minimize total costs by choosing a lower outsourcing rate than in Case III due to the higher coordination costs associated with outsourcing.
Of course, the vendor may again want to encourage the client firm to increase its outsourcing rate by decreasing the knowledge transfer rate. However, in this case, if the vendor sets a very low knowledge transfer rate (i.e., _ < 12 percent in this illustration;
see Appendix B for details on the boundary conditions), then the total cost curve may transform back to a concave shape (see Case I), forcing the client firm to minimize total costs by keeping all of its IT activities in-house. In addition, if the vendor could in some way help improve the client firm's ability to coordinate the outsourced IT services with its internal resources, then it might encourage the client firm to increase its outsourcing rate (see Case III). This analysis raises more interesting bargaining problems as both vendor and client attempt to invest in mechanisms and contract provisions to manipulate these parameters.
Managerial Implications
A KEY CONTRIBUTION OF THIS PAPER is the use of an economic learning model to examine, from a normative perspective, how knowledge parameters characterizing a sourcing relationship between a vendor and a client interact with production costs and coordination costs to affect the business value of alternative outsourcing strategies. This information is then used to determine a firm's optimal rate of IT outsourcing. The analysis of the model enables an informed discussion of these complex relationships.
In this section, we discuss (1) some interesting insights derived from the model; (2) mechanisms client firms may use to affect the knowledge parameters and, therefore, alter the form of the optimal outsourcing strategy; and (3) our interpretation, in the context of our model, of two mini-cases and a recent empirical study that focus on IT outsourcing relationships in the banking and insurance industries.
Summary of Key Contributions
The critical contribution of our model is the examination of two critical knowledge parameters that help determine a firm's optimal degree of IT outsourcing. These parameters are (1) the transfer rate of production knowledge from the vendor to the client and (2) the depreciation rate of the client's coordination knowledge. We find that when the knowledge transfer rate is low, the client's optimal outsourcing decision is to engage in either one of two extreme strategies-total insourcing or total outsourcing-depending on the rate at which the client's coordination knowledge depreciates. Specifically, if the depreciation rate of the client's coordination knowledge is low, then the client will minimize costs through a total outsourcing strategy; otherwise, the client will minimize costs through a total insourcing strategy. On the other hand, we find that when the knowledge transfer rate is high, the firm's optimal decision is to implement a selective outsourcing strategy in which the firm outsources only a portion of its IT services. In this case, the optimal rate of IT outsourcing also depends on the rate at which the client's coordination knowledge depreciates. Specifically, the lower the depreciation rate, the higher is the optimal rate of IT outsourcing.
A final insight that we highlight is that when the transfer rate is relatively high and a selective outsourcing strategy is optimal (i.e., Cases III and IV), a further marginal increase in the knowledge transfer rate will actually provide incentives for the client firm to reduce its outsourcing rate. That is, it will enable the client to both gain the benefits of the vendor's lower production costs and improve its own internal production costs without sacrificing too much of its coordination knowledge and integrative capabilities.
Mechanisms for Manipulating Knowledge Parameters
Some previous work suggests that firms, as a rule of thumb, should engage in selective outsourcing to lower costs and effectively mitigate outsourcing risks [21, 44] . However, given the results of Cases I and II, this rule of thumb is not effective if the outsourcing firm cannot ensure, either through contract provisions or investments in effective shared knowledge management systems, a relatively high transfer rate of production knowledge from the vendor to the client. As is illustrated in Case II, without such assurances, a client firm may be forced to fully rely on the vendor for its IT functions in order to minimize total costs. Therefore, before determining the optimal rate of IT outsourcing, a client firm must examine the degree to which investments in technologies, training, and contractual provisions may affect the specific values of the knowledge parameters. For example, support systems, negotiation systems, and collaborative application development systems (e.g., code repository and computer-aided software engineering tools) may increase the rate of knowledge transfer from the vendor to the client. Such investments may make a selective outsourcing strategy more attractive to the client than either total insourcing or total outsourcing. e-learning applications, knowledge management systems, and other technologies that codify organizational learning may decrease the coordination knowledge depreciation rate. Such investments may encourage the client firm to outsource a larger portion of its IT activities-even making total outsourcing an optimal strategy when saddled with a low rate of knowledge transfer.
However, it is critical to note that these investments may not generate the desired results because (1) investments in these technologies and vendor-specific relationships are expensive, (2) the costs of replacing legacy systems (or integrating them with new investments) are high, and (3) vendors may be unwilling to support a substantial increase in the transfer rate of production knowledge even if the proper mechanisms were in place.
Outsourcing Relationship Mini-Cases
Mini-Case I (Moving from Case I to Case II): Continental Bank and Integrated Systems Solutions Corporation Some of the managerial insights derived from our learning-based outsourcing model are illustrated by a case study of Continental Bank reported by Huber [24] . In 1991, Continental Bank identified three main problems with its internal IT unit: (1) the bank's existing legacy systems lacked integration and could not respond quickly or flexibly to customers' needs, (2) the IT staff was too small and lacked sufficient IT skills and knowledge to handle major systems upgrades or large conversion projects, and (3) the bank did not have enough money to invest properly in new technologies and IT staff. In fact, "top technical people didn't want to work at a bank, where IT assignments paled in comparison with the opportunities at companies that focused on technology" [24, p. 123 ]. In the context of our learning model, Continental Bank did not have a substantial repository of either production knowledge or coordination knowledge.
To deal with these problems, in December 1991, Continental Bank entered a ten-year outsourcing agreement in which it agreed to outsource almost all of its IT services (i.e., development of new applications and maintenance of existing applications) to Integrated Systems Solutions Corporation (ISSC), a subsidiary of IBM. The bank did not believe that retaining or accumulating internal technological resources (i.e., production knowledge) provided any competitive advantage to the bank. Therefore, the bank did not have interest in investing in costly mechanisms to generate a high transfer rate of production knowledge from ISSC to the bank. However, as we discuss below, the bank did invest in mechanisms to significantly improve its coordination skills (i.e., reduce its coordination knowledge depreciation rate in the context of our model). This decision is consistent with the results of our model. That is, total outsourcing is the optimal degree of outsourcing when both the transfer rate of production knowledge and the depreciation rate of coordination knowledge are low.
In order to improve its coordination skills (and make its total outsourcing strategy effective), the bank implemented several mechanisms. For example, in an effort to develop tighter management control over IT, the bank incorporated strict methods that ISSC must use to measure and document progress in the IT development activities. Specifically, the method used function-point analysis to measure work in terms of the business functionality delivered to the bank. This requirement provided the bank with a better understanding of the type of work being performed and its costs. It helped Continental to retain coordination knowledge and to better integrate the outsourced IT with internal activities and set IT strategy and future development priorities.
In another effort to tightly manage the outsourced IT, the bank established a cooperative management structure. For example, the bank developed a technical oversight group made up of technically literate representatives from the different business units within the bank to set the IT development priorities and manage the bank's relationship with ISSC. Specifically, all internal IT proposals were submitted to the technical oversight group, which evaluated the proposals and ranked them according to the bank's overall priorities. This structure encouraged business units to communicate their needs and expertise more effectively, leading to an allocation of the IT budget more consistent with the bank's strategic goals. This and the other mechanisms initiated at the beginning of the outsourcing agreement resulted in "changed behavior of the bank's business units. They are now active and disciplined participants in the IT process. With virtually all IT work on a hard-dollar, contract basis, they are devoting time on the front end of projects to define clearly and carefully their technology needs and how they want to spend their budgets" [24, p. 129] . In the context of our model, the technical oversight group, initiated with the outsourcing relationship, helped to increase the bank's repository of coordination knowledge and to decrease the depreciation rate of that knowledge repository by formalizing IT project evaluation.
In summary, Continental Bank decided at the beginning of its outsourcing agreement that it would accept a low transfer rate of production knowledge from ISSC since internalizing specific IT skills would be very expensive, given its low existing repository of production knowledge, and would not provide the bank competitive advantage in the industry. However, the bank did realize the need to significantly improve its coordination activities in order to make a total outsourcing strategy effective. Therefore, after the outsourcing agreement in 1991, the bank did implement mechanisms that improved its coordination skills (or lowered its coordination costs) and, in the context of our model, likely shifted the bank away from Case I toward Case II, where its total outsourcing strategy would be effective.
Mini-Case II (Moving from Case I to Case III): FISC and Offsource
The managerial insights derived from our learning-based outsourcing model are further illustrated by a case study reported by Kaiser and Hawk [25] . Kaiser and Hawk described a U.S. financial insurance company (referred to by the pseudonym "FISC") that, in the late 1990s, decided to selectively outsource the design, development, and support of several mission-critical software applications to an India-based offshore vendor (referred to by the pseudonym "Offsource"). As Offsource expanded its role in the sourcing relationship, FISC's management became concerned about its diminishing in-house IT skills and production knowledge, the costs associated with such losses, and the impact of these losses on FISC's abilities to coordinate the outsourced activities with the firm's other internal activities.
In the context of our learning model, FISC was realizing a low production knowledge transfer rate and a high coordination knowledge depreciation rate in its sourcing relationship (Case I). Based on our model, FISC would have two choices: (1) shift to total insourcing (the optimal sourcing strategy in a Case I environment) and backshore all of the previously outsourced IT activities or (2) implement mechanisms to make its selective outsourcing strategy more effective by improving the transfer rate and the depreciation rate. Given the high costs of backshoring, FISC decided to maintain the selective outsourcing relationship but address the rapid loss of in-house production and coordination knowledge by ensuring that its employees developed good technical and business skills.
FISC formalized knowledge transfer and internal knowledge retention by implementing several major initiatives. For each IT employee, FISC created an individual development plan (IDP) and a mentoring program. The IDP created specific employee knowledge goals and the mentoring program required the vendor to assist the employees to meet those goals. By integrating the IDPs with a mentoring program, FISC was able to effectively retain important IT competencies and acquire (through knowledge transfers) Offsource's expertise. In addition, FISC created a dual project management hierarchy that improved FISC's organizational memory by codifying organizational knowledge, increasing the transfer rate of knowledge from Offsource to FISC, and reducing the rate of internal knowledge depreciation within FISC.
Together, these three mechanisms increased the production knowledge transfer rate and decreased the coordination knowledge depreciation rate. They moved FISC away from Case I, where the optimal strategy would be total insourcing, toward Case III, where the optimal strategy would be an aggressive (or relatively high) selective outsourcing strategy similar to that implemented by FISC. Overall, this example illustrates how a client firm may invest in knowledge-enhancing mechanisms to improve the business value of a selective outsourcing strategy.
An Empirical Study of Outsourcing Relationships in the Banking Industry (Comparing Case III and Case IV)
The normative findings derived from our model are consistent with findings from a recent empirical study by Weigelt [43] on IT outsourcing in banking. It examined the extent to which U.S. banks outsource their Internet banking solutions, such as online account inquiry, funds transfer, bill payment, and account maintenance, to external technology vendors. Vendors such as Fiserv and EDS have gained expertise and production cost advantages in this area by developing and installing Internet solutions for multiple banks and incorporating the lessons learned into prepackage software solutions. While outsourcing part or all of its Internet solutions to these vendors may reduce a bank's need for extensive production knowledge, such as programming skills, it requires significant coordination knowledge that enables the bank to understand, customize, and integrate the new prepackaged technology with its internal business processes.
Weigelt's study presented two critical findings related to our learning-based outsourcing model. First, the empirical study showed that higher IT outsourcing rates reduce a firm's integrative capabilities. This finding supports our model assumption that a firm's coordination knowledge depreciation rate increases with its outsourcing rate. Second, the study showed that coordination knowledge declines at a slower rate for outsourcing banks with experience with a prior technology related to Internet banking. In Weigelt's study, prior experience with a related technology was defined as previous experience with PC banking, which offered services similar to Internet banking and familiarized banks with remote customer self-service technologies. Prior experience with PC banking may help banks to better understand the cause-and-effect relationships underlying outsourced Internet solutions, make sense of them, and integrate them with internal business processes. Furthermore, the study also showed that pursuing higher IT outsourcing rates was particularly disadvantageous for banks lacking PC banking experience.
In the context of our model, experience with a prior related technology may be another mechanism that an outsourcing firm may use to mitigate the decline in coordination knowledge associated with outsourcing. That is, this mechanism may lower the firm's upper bound on the coordination knowledge depreciation rate ( _
CO
) when compared to a firm without such experience. Our model results suggest that firms with prior experience (see Case III), and thereby with lower coordination knowledge depreciation rates, should outsource a larger percentage of their IT function than firms without prior experience (see Case IV). These normative results are consistent with the empirical findings in the banking industry reported by Weigelt [43] .
Conclusion
IN ORDER TO MAKE AN INFORMED DECISION, it is incumbent on managers to understand the complex relationships outlined in the model when negotiating an outsourcing contract. Further, it is incumbent on the manager to understand the effects that knowledge retention and transfer investments may have on these relationships and, thus, on the form of the contract. Major errors could easily be made. Given the sensitivity of outcomes to the parameters of the model, poor knowledge and contract management may erode any potential benefits derived from the outsourcing relationship. Although our model provides several important insights, future work should focus on both analytically extending the current model and empirically testing the relationships derived from the model. The normative economic model we presented has several limitations. First, the model focuses exclusively on how knowledge parameters, productions costs, and coordination costs interact to determine the optimal degree of IT outsourcing. As such, the model ignores other factors that have been shown in the literature to affect the degree of IT outsourcing. While mathematical models suffer from the inability to incorporate all factors into one comprehensive representation, future work may focus on modeling some of the interactions between the knowledge parameters and other factors of interest, especially other firm-level and IT-level characteristics. Second, our model assumes the length of the outsourced IT project is fixed, known, and relatively long because we wanted to focus our analysis on large-scale IT projects. However, project size and length will affect the desirability of alternative outsourcing strategies in different knowledge environments. For example, a firm with a high coordination knowledge depreciation rate may find significant business value in outsourcing some or all of an IT project if the project is sufficiently short and the short-run production cost advantage offered by the vendor is sufficiently large. This combination of factors may allow the firm to enjoy the short-run benefits of the vendor's expertise and scale economies while avoiding, due to the short length of the project, the adverse effects of outsourcing on coordination knowledge and costs in the long run. Third, our model assumes that the client firm's outsourcing rate and each firm's demand are fixed over the life of the project. A further extension of the model could allow for dynamic changes in the demands and the outsourcing rate over the life of the contract, essentially giving the client firm the option to expand or contract the outsourcing relationship as the demand and knowledge parameters change over time.
Fourth, we assume that the production knowledge transfer rate and the coordination knowledge depreciation rate are increasing linear functions of the client firm's outsourcing rate. Future work may explore how different functional forms of these critical knowledge parameters affect a firm's optimal degree of outsourcing. We have explored some other functional forms of these knowledge parameters, including quadratic forms, and have found that the general results and relationships reported for Cases I-IV still hold. However, further work may be fruitful.
Fifth, the results derived from our model call for empirical research that examines the degree of IT outsourcing as a function of knowledge parameters. Argote et al. [5] and Darr et al. [12] provide a general framework to conduct empirical research concerning organizational learning among multiple organizations using a longitudinal data set. This framework could be applied to test if firms choose IT outsourcing rates consistent with our model's normative predictions.
Finally, at a more macro level, we note that implicit in our model and the FISC case is that the critical issue for making the selective outsourcing strategy viable is to protect the client firm from in-house knowledge losses by mining the now accumulating knowledge of the vendor. That is, we highlight the knowledge flows from the vendor to the client. This is in stark contrast to much of the outsourcing literature that considers the efficient and effective transfer of information in the opposite direction-from the client to the vendor-as a key to the successful implementation of outsourcing [10] .
Consider the case of a large IT outsourcing project involving the German operations of an international bank (the client) and a large Indian IT service provider (the vendor) reported in Gregory et al. [20] . The goal of the project was to reengineer two critical transactions systems to improve their efficiency and effectiveness and to reduce the dependency on human resources. The bank faced many issues revolving around the communication of the business goals and practices to the vendor. The case describes the strategies adopted to enable the communication of knowledge from the client bank to the vendor. To enable this transfer, "cross-organizational communication was specified by assigning a communication 'counterpart' to every project leader or manager on both sides (cross-border coordination)" [20, p. 6] . This strategy was combined with strong incentives for knowledge sharing and mandated project meetings.
The strategies adopted by the bank are strikingly similar to the strategies adopted in FISC even though the direction of knowledge transfer is reversed. It seems, perhaps not surprisingly, that following the strategy of creating close communication ties between similar levels in the hierarchy can create bilateral knowledge flows. That is, manage-ment techniques that facilitate transfer of knowledge from vendor to client can also facilitate the transfer of knowledge from client to vendor. Whether the conversation is directional or bilateral will depend on the rules of engagement, incentives, and, perhaps, cultural considerations-as discussed in the bank case.
Some papers address the importance of knowledge transfer, partnership, or social exchange theory in the outsourcing context (e.g., [35] ). These approaches assume bilateral communication. Generally, the insight is that the more interaction between the client and the vendor, the better the outcome of the outsourcing. 2 There is a fundamental identification problem here. If it is found that "communication improves outsourcing," is that because the knowledge was transferred from the client to the vendor, from the vendor to the client, or both? This distinction may be critically important in interpreting empirical work and creating strategy recommendations for managers. Future models and empirical work should examine these knowledge flows further. 
